Abstract: We numerically demonstrate, comparing with experimental data, a wavelength conversion for a 200 Gbaud super-channel based on the cascaded sum-and differencefrequency generation in a PPLN waveguide.
Introduction
Lately, coherent optical transmission have started to become used in long haul optical networks to enable higher data rates and increase optical reach. Coherent optical carriers could also be combined to create aggregate channels, known as superchannels. Optical signal processing may enable fast signal operations in the optical domain without optical-electrical-optical (OEO) conversion. Nonlinear optic wavelength conversion devices have the advantage that wavelength conversion can be realized for any wavelength in the transparent region of the material. Among these, PPLN is an attractive solution that allows highly efficient wavelength conversion offering several features such as broad conversion compactness, bandwidth, transparency to data rate and modulation format. [1] . By implementing a Matlab simulator that use the beam propagation method [2] , We proved a wavelength conversion for a 200 Gbaud super-channel based on the cascaded sum-and difference-frequency generation (cSFG/DFG) in a PPLN waveguide. Furthermore, We observed a good consistance between numerical and experimental data.
Cascaded SFG-DFG
The wavelength conversion of a 200 Gb/s super-channel, composed of 4 Nyquist 25 Gbaud QPSK sub-carriers, each at a frequency f s i , was examined [5] . A first interaction inside the waveguide, between the 4 QPSK sub-carriers and a first pump P 1 , opportunely placed at frequency f P 1 , generates a copy of each sub-carrier through SFG at frequency f P 1 + f S i (outside C-band). In order to maximize the efficiency of SFG, f P 1 must be symmetric to the super-channel with respect to f QPM , which is the quasi phase-matching (QPM) frequency. The condition of symmetry can be achieved either by tuning fP1 or by changing the PPLN temperature. Then, replicas obtained by means of SFG interact with a second pump P 2 at frequency f P 2 , through DFG. Thus, DFG generates other replicas in the C-band at frequency f S i = f P 1 + f S i − f P 2 , as shown in Fig. 1 . We implemented the derived coupled-mode equations that describe propagation and nonlinear interactions among the signals in a PPLN waveguide with a length L [3] , where there are terms of the equation that represent the effect of spatial propagation and term that represents the nonlinear optic effect. The mentioned equation cannot be solved analytically, then the two effects are calculated separately for each infinitesimal section h in the z direction (Beam Propagation Method). The propagation effect is determined by taking the Fourier transform of the time waveform, and taking the inverse Fourier transform after providing the effect of the propagation of the infinitesimal section for each component. While the nonlinear optic effect was kept into account using the fourth-order Runge Kutta method to the differential equation for z, in each infinitesimal sections [4] .
Results
A simulator based on Matlab was built using the characteristic data of our custom PPLN (L = 30mm, Λ = 19.2µm). We performed the simulation about the mentioned scenario with the following frequencies: f S 1 = 193.07 THz, f S 2 = Fig. 1. Frequency conversion in the PPLN. 193.095 THz, f S 3 = 193.12 THz, f S 4 = 193.145 THz are the carriers of the sub channels, and the pumps P 1 and P 2 at f P 1 = 192.685 THz and f P 2 = 193.712 THz, responsible for SFG and DFG For the sake of brevity, we have . Fig. 2 the simulation output spectrum of the super channel at the end of the PPLN compared with the experimental spectrum, obtained in an our previous experimental activity [5] . We observed a good consistance between numerical and experimental data too. We noticed a power penalty between them because of the reflection (multiple cavity reflections) and insertion losses that have been not considered.
Conclusion
A wavelength conversion for a 200 Gbaud superchannel in a PPLN was numerically demonstrated. The comparison with the experimental data provides awareness of our work. Indeed the simulations showed the effectiveness of the PPLN in optical processing and we have started to implement a general model, taking into account each combined non linear phenomena, for testing other fast network operation, such as switching, dropping and routing.
